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Energy Division
Los Alamos National Laboratory
P.0. Box 1663
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ABSTRACT

The Transient Reactur Analvsis Code (TRATY 1s bein,
developed at the Los Alamns National Laboratory t.
previde advanced best-entizate predictions of postulate!!
accidents in light-water reactors. TRAC=PL., the lates
publiciyv released version ot the code, is curren®lv befns
tested against small-break and other transients 1in
experimental facilitien; 1t is also belng used to analvee
postulated accidents {r commercial  power reactors.
Calculated results for LOF1 small-break experiments arc
comj-ared to data, end the results from twe small=breal
calculations for twe different reactor svatemr are
presented.  We conclude that TRAC-PD! s usetul for tho
atalvels of cold=ley small=-breal acoidente,

This worr wan performed under the auspicer of the US Nuclear Repalat 1.
Commi{ssfon.



1. INTRODUCTION

The Transient Reactor Analysis Code (TRAC) is an advsnced best-estimate
systems code for analyzing light-water-reactor accidents. It 1s being
developed at the Los Alamos National laboratory under the eponsorship of the
Office of Nuclear Regulatory Research of the US Nuclear Regulatory Commission.
TRAC-PD2 (Ref. 1) is the latest in a series of publicly released versions of
the code; 1t features a three-dimensional treatment of the pressure vessel and
associated internals, tvo-phase nonequilibrium hydrodynamics models,
flow-regime—dependent conetitutive relations, 1improved reflood trackiny
capability for both bottom reflood and falling-film quench fronts, improved
numerics, and a consistent treatment of the entire accident sequence from the
steadv-state conditions through reflood. The code 1is intended piimarily for
analyzing large-break loss-of-coolant accidents in pressurizeu water reactors
(PWRs); however, the generality incorporated 1into the thermal-hydraulic
modeling permits the code to be applied to a variety of accident scenarios an:
facilities. In fact, we use the code to study current licensirpg and safetv
issues rvelated to potential accidents in PWRs. The 1initial assessment
(Ref. 2) of the code against experiments proceeded concurrently with the
development of the code. After release of the code, independent assessment
began to test the ~ode’s predictive capability.

Below we first discuss a portion of the Independent assessment of
TRAC-PDZ against Loss-of-Fluid-Test (LOFT) small-break data and then the
application of the code to postulated small cold-leg breaks in two Pwk.. Thi:
process of related assessment and application adds confidence tn the
application results.

I1. LOFT DATA COMPARISONS

That portion of the 1independent assessment conducted a8t Los Alam -
includes comparison of the code to experimental data from the LOFT facilitv.
During the past year we have analyzed four of the LOFT small-break tests: L3-1
(Ref. 3), L3-7 (Ref. 4), L3I-5 (Ref. 5), and L3-6 (Ref. 6). These  four
small-break tests provide large-scale integral-systcm data pertinent to the
behavior of PWK systems. The analyses discussed are posttest calculations.

A, LOFT Facility and Test Descriptions

The LOFT facilitv is a 50-MW(t) PWR system with a single intact loop
containing two active pvmps in parallel and an active steam generator. The
pressurizer 15 connected to the hot leg of the i1intact loop. A single,
noncommunicating broken loop contains passive simulators for the pump aud the
steam generator. This noncommunicating loop does not provide a primncipal flow
path from the hot leg to the cold leg. However, a piping and valve connection
(the reflood-aesist bypass) between the broken-loop cold and hot legs docs
exist, but the valves normally are closed. The passive simulators for the
punp and steam generator represent the hydraulic resirtances with three serices
of orifice plates and maintain the elevation changes in the intact-loop
components. The vessel contains the reactor core, the lower and upper
plenuns, and the downcomer annulus. The core consists of 1300 fuel rods with
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an active length of 1.676 m. The top of the core 1is below the minimum
elevation in the piping loops (the pump suction leg). The facility 1is
instrumented to provide data on the system’s thermal-hydraulic behavior during
transients.

The bresk size, its location, and ‘he pump operation were varied from
test to test; Table I wummarizes the test conditions and the break
configuration. In the table, the terminology 'noncomnunicating, singl>-anded
break” means that there is no principal flow path past the break from the hot
leg to the cold leg and that the break is simulated in only one piping leg.
Correspondingly, the communicating break does have a principal flow path
upstream of the break from the hot leg to the cnld leg. The break sizes for
tests L3-1, L3-5, and L3-6 represented an equivalent 2.5%2 break 1in a
commercial PWR, or the rupture of a 4-inch pipe. The break size for test L3-7
represented an equivalent 0.16% break, or the rupture of 2 l=-inch pipe. All
four tests were conducted from steady states with full power and typica!
primary system fluid conditions.

Test L3-1 simulated the break in the broken-loop cold leg. The reacter
was scrammed before initiating the break (at 0.0 s). Thc pumps were tripped
at 0.0 s and coasted down. Normal emergency core coolant (ECC), consisting o
the high-pressure injection system (HPIS), the low-pressure injection syste:-
(LPIS), and the accunulator, was injected into the intact-loop cold leg basc!!
on trip set points typical of a commercial PWk. At 3622 s the operators fro- )
control of the facility to return the plant to a stahle, safe conditicn.

Test L3-7 also simulated the break in the broken-loop cold lep. The
break was initiated at 0.0 s, and the reactor was scrammcd at 36.0 s based o6
a low-pressurce trip signal. The pumps w.re tripped 3 s later and began 1t
coast down, ECC was limited to HPIS only during the first hour of tle
transient. The HPIS was initiated based on a normal low-pressurc trip and wa-
directed into the intact-loop cold leg. At 1805 & the high-pressure fnjectio-
was terminated. At 3603 s the plant operators took control to begin plav
recovery.

Tests L3-5 and L3-06 are pumps-of{ and punps-on teste< with the brea
located in the intact-loop cold leg. The Anitial phase of each tes! wae
conducted in a similar manner with the exception that 1in test L3-S the pur;
trip occurred 0.8 5 after the break was fnftiated and in test L3=-6 the pu-:
trip occurred at 237] & after the break and was bdased on low system pressurc.
In both tests the ECC injection was limited inftially to HPLIS and was directed
into the downcomer; late in each test the HPIS wax terminated based on a 1.
system-pressure trip, at which time a valve also was cloked to i{golate th
break (terminate break flow). Test L3I-5 continued until 5011 &, when the
plant operators began plant recovery. 1In test L3-6 the cladding temperat:
began increasing rapidly fcilowing the pump trip and fsolation of the br,
the temperature excursion wes terminated by inftiating both accumulator an!
high-pressure 1injection 1{1nto the downcomer. The plant  operators  then
continued control to tecover the plant to a stable, sife condition.
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TABLE 1

TEST CONDITIONS AND BREAK CONFIGURATIONS

Power [MWw(t)]

Primary-coolant-
system flow (:g/s)

Hot-lep
pressure (MPa)

Hot-leg
terperature (K)

Scram time (&)
Pump trip (s)

Emergencv-core-
coolant systen:

Break configuration

Type
NMameter (mr)
Length/diamcter

Location

FOR LOFT SMALL-BREAK TESTS

LOFT Test
L3-1 L3-7 L3-5 L3-6
48.9 49.0 49.0 50,0
484.0 481.3 476.4 483.3
14.8% 14.90 1481, 14.R7
574.° 576.1 57¢.0 577.1
=2.1% 36.0 -4 .k =5.k
0.0 39.1 0.k De lave !
AcCch
Hr1sh HF1S MY TS HY i
LP1S
Ned NC cf r
16,18 4.0y 16,18 1614
PR 3.5] 1,13 1,4
BLLS Bl.CL 11eLF 1141

—— i ——— = - -

8 Accumulator

b
¢
d

k]

Low-pressure injection system

Broken-loop cold lep

Communicating break

R Intact-loop cold lep

High-pressure injection system

Noncommunicating, single-ended break
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B. TRAC-PD2 Input Model Description

The input wmodel for tests L3-1 and L3-7 consists of 25 components
(Fig. 1) with a total of 120 hydraulic cells. For the small-break tests small
leakage pathe between the hot legs znd the cold legs must be modeled; for LOFT
the leakages were accounted for by ronnecting the reflood-assist-bypass lines
at junction 43, The break orifice 1s located in valve component &4, The
fully implicit numerics, in combinaticn with a coarse-noding scheme, werc used
in component 44 to represent the break flow. The bresk orifice was
represented as a flow-area restriction at one iInterface. The break flow was
modeled as friction limited, and the friction at the break orifice was
adjusted, once for subcooled fluid conditions and once for saturated fluid
conditions, to agree with the Henry-Fauske subcooled-critical-flow modcl
{Ref. 7) and the homogenecus-equilibrium ecritical-flow model (Ref. 7)),
respectively.

The vessel was modeled with the three-dimensional vessel component {1
TRAC; nine oxial levels, two radial rings, and twu azimuthal segments were
used. The corc was located in the {nner ring, levels 3 through 6. Th
downcomer was located in the outer ring. The piping connections were made in
level 8,
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The steam—generator-secondary noding (Fig. 2) has added detail to
represent the secondary downcomer. This new noding scheme resulted in the
correct secondary liquid inventory and allowed feedwater injectlon at the
correct elevation. Also, the recirculation of fluid up through the tubr
region of the secondary and down through the downcomer was represented. A new
valve type was added to the code to represent correctly the opening and
closing of the LOFT steam-flow-control valve. The new valve type also permits
the modeling of valve leakage. For tests L3-1 and L3-7, nominal leakage rate:
were permitted through the steam-flow-control valve.

The total primary-system heat losses were modeled. The heat losses were
distributed throughout the one-dimensional compcnents in the primary pipins,
with the exceptaion of the steam—generator component 2 and the valve compone:nt
44. Prat losses were not modeled on the pressurizer component 8 and the
components associated with the ECC system.

The semi-implicit numerics were used 1in all components except  vialve
conponent 44,

For tests L3-5 ard L3-6 the intact-loon cold leg, components 6 and 7, wu
renoded. Two additional tees, one fill, and one break were required. A tod
and fill combination was required to model the injection of coolant throu,
the pumps; the injection was made between the two pumps on the downstro.s

sidvee A tee and break combination was required to model the intact=loop brear
f2e
BRI AF
((\MI' Yo
o
‘ VAL VI, UOME 2E
TEE, CoMPe 0
0 .
I
Ry : ) B N I M R V1
oA , GEron AL
[N ¢ OIMI

Flge 2. LOFT ateam-gencrator=secondary noding dlazpranm.
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geometry. The first cell in the side leg of the tee leading to the break
orifice maintains the correct flow area, but the length of the cell {s
exaggerated to avoid a Courant time~step limit at the junction with the
primary piping leg. The remaining interfaces are treated with fully implicit
numerics. The length-tn-diameter ratio for the first cell also is correct so
that the wall friction 1s correct. The break orifice 1is represented as a
eingle cell as opposed to a flow-area restriction at an interface used for
tests L3-1 and 13-7. The volume, length, and flow area of the orifice are
correct. The wall friction and the additive friction are set to zero, and the
hydraulic diameter is set to 1.0 m (this break noding scheme 1s similar to
that used for the applicatlon calculations discussed later). Additional cells
are used to represent the piping volumes downstream of the orifice. The break
was modeled upstream of che intact-loop ECC system. Also, an ECC systex,
consisting of a pipc component and a fill, was attached to the vessel In level

7, ring 2, azimuthal segmer:: 2. These noding changes increased the numher of
hydraulic cells to 135,

The analysis for each test consisted of a steadv-state calculation and a
transient calculation. The steady-state calculations were started from a
stagnant, 1sothermal 1initial condition and resulted in the desired stead:-
state conditions for beginning the transients. The calculated conditions are
within the data uncertainty of the values given in Table 1. For tests L3-1,
L3-%, and L3-6, the scram was assumed to occur at 0.0 s for convenience. For
the analysis of test L3-7, the scram and pump coastdown were inftiated on a
low-pressurc trip as in the test.

€. Comparisons To Data

The intact-loop hot-leg depressurization andg the break flow for test L3-]
arc shown in Figs. 3 and 4. The calculated depressurization 1s good, althoup'
the code began to underpredict the pressure late 1in the transient.  The
calculated break flow reflects the trend of the data, but differs in tla
details as a consequence of the friction-limited nature of the modeling.,  Eve:
though nominal leakape through the steam—{low~control valve was modeled, Tka
overpredicted the secondary pressure after 100 s, In the calculation th
primary-system pressure crosses below the secondary pressure ~100 s before th
data indicated the transition; the code then predicted a larger secondarv-to-
primary pressure differential than the data.  TRAC calculated accurately the
timing of FCC injection, including the {nftiat{on and subscquent emptving of
the acrumulator (Fig. S5=-the discrepancy in inftial values represents onlv
differences In the vertlcal distribution of the wame amount of Jiquidd. N
dryout of the core wias caleelated, and none war obrerved {n the data.

Figuren 6 and 7 show the fntact=loop hot=leg pressure and the breab mase
flow for tent L3=-7. The calculated system depressutdization {s good and mhiows
all of the trends in the data. The underprediction of aystem pressure at the
time the system saturates (~400 8) retlectn an Inconsistency in the fnftial
hot-ley flufd-temperature data. The calculated break flow alro is pood but
tendn to overpredict alightly the data. Figure 8 ahows the calculated
pressurizer llquid level compared to data.  TRAC calculated very well th
general treuwd of the lquid level and the time of emptving. Again, nominal
leakage through the ateam-flow control wvalve was modeled. TRAC predicied
accurately the aecondary pressure; however, hetween 1000 and 300 B, the
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secondary pressure was underpredicted slightly. Throughout the 3600 s
calculated, the primary-system pressure, both calculated and measured,
remained above the secondary pressure. As with test .3-1, test L3-7
demonstrated no core dryout, nor did the code calculate a dryout.

Figures 9 and 10 ghow the intact-loop hot-leg pressure and the break mass
flow for test L3-5, the pumps-off test. TRAC predicted the system pressure
very well, although slightly low. Because of this slight underpredicticn, the
break isolation and termination c¢f high-pressure 1injection occurred ~125 s
early at 2185 s. Following isoletion of the break, natural circulation was
re-established and the system repressurized to above the steam-generator-
secondary pressure. The comparison of calculated and measured brear flow
shows that TRAC predicted the correct trends but may have overpredicted the
flow {initially. However, during the time that the flow may have been
overpredicted, the pressure was also overpredicted, an apparent anoma: . The
stean—flow-control-valve leakage was set to zero, but the code underpredicted
the secondary pressure between 1000 and 2700 s. The primary syster pressurc,
both calculated and measured, fell below the secondarv pressure at ~97{ g5; bu:
after the break was 1isolated, the calculated system pressure attained the
secondary pressure ~860 s later than occurred in the data. Figure 11 shnw:
the comparison of the calculated and measured cladding temperatures 1 tl.e
central fuel bundle at the high-powered zone. Both temperatures tracr within
a few Kelvin of saturation. Core drvout wvas neither calculated nor obsvived.
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Test L3-6 intact-loop pump-suction-leg pressure and break flow ar¢ shown
in Figs. 12 and 13. Thc primary-system pressure was calculated accurately.
Because of uncertainty in the low-sysiem-pressure se¢t polint and of a very
small overprediction of the pressure, the timing of the pump trip was
predicted to occur at 2691 s, 320 s later than the deta. The f%iming of the
isolation of the break and the re-establishment of EC{C were based on elapsed
time after the low-systempressure trip. TRAC predi-ted very well the break
flow; while this calculation did not show the flow spike just before isolating
the break, a similar splke was calculated for test 1L3-5 (Fig. 10). The steam-
generator-secondary pressure comparison was good for the first 100C s, at
which time the measured secondary and primary pressures began to diverge; this
divergence occurred at ~1800 s in the calculation. This timing discrepancy
inficated that the code maintained close thermal coupling between the primary
and secondary much longer than the test. Figure 14 shows the <cladding
temperature cemparisons in the central fuel bundle at the elevation of max!lmu-
power. Fcllowing the pump trip &nd during the coastdown, both a calrulated
and a measured temperature excursion occurred throughcut th:z core. T
temperature excursion was terminated by the in.tiation of full ECC injection
into the downcomer. TRAC predicted this excursion extremely well, 1ncluding
the magnitude cf the excursion. The difference {n the timing of the excursinn
between the data and the calculation reflects onlv the difference {n timiry of
the purm; trig.
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TRAC-PD2 provides a useful small-break modeling capability for predicting
most thermal-hydraulic phenomena during slow transients. 1In particular, the
code corre- .iy predicted, in posttest analyses, the behavior of four different
LCFT small-break tests in which bruak size and location and pump operatio:.
were varied. The calculated liquid-mass distributions generally were
consistent with the data. There were no vignificant mass-conservation errors.
Improved critical-flow modeling 1s needed, either in improved constitutive
relatinns or in a critical-flow model. Both of these peths are being explored
as a part of the current TRAC development eftort (TRAC-PFl). Finally,
small-break analysics requires detailed definitions of the flow patt:,
including the leakage paths, and meascrements for all important flowe ar.
desirablec when assessing the code’s predictive capability,

III. PwR SMALL COLD~LE(G BREAKS

The rewalnder of this paper describes results from the firnt extens.
application of TRAC-PD! to predict system b-havior for postulated sm.li
cold-leg breaks in US PwKs. Lecs Alamos has run several small cold-lepy brea:
transients for a Babcock and Wilcox (B&W) lowered-looj plact (TM.-2), a "4
raised-loor plant (Davis-Besse), and a Westinghouse four-loop plant (Zion-i).
Exanples are presented bere for a 0.00093-g? (O.Ul-ftP) break in the TMI-0
mode, that does not produce loss of natural convection and a (.0 ]=r-
(0.02-ft’) break in the Zion-1 wmodel that does produce complete loeo o
natural convection. Tris wore ie belng performed for the Nuclear Repilat v
Commissiaon’s Office of Nuclear Reactor Regulation te aid thes 1n assesonr,
veal. v ocalculations of small cold-leg breaks.

roaddition, we are calculating other transients with ThA inclad:-,
overcooling, undercooling, stear generatoar tube ruptures, and the ettects o
delaved pur; trips for small cold-ley breaks, W also arce performine TRA
benchmarr  calculations by couwparin, calculated results with actual plas:
transfente,

These Pwh applications used the TRAC-PIL. code with  the fellowi-,
add{tional features. For our BbWw apjlications, we adacd 8 vent vaive mode!l .
the vessel and an auxiliary feedwater system to the steam gererator wit:
contrul based on A stear generator level calculation and 'or operator action,

The auxiliary feedwater sviter model permits the flow to enter near the U o
the scean generator.  We also f{mproved the modeliny of the mixiny of ligai:
and vayor between one-dimensional cells {n horfzontal and wvertical tlo.

reginmes for the verv low flow rates encountered with Bmall-trear transtfents.
The TRAC version used also fncluded several other imy rovements an! correction.
te the TRAI-PLL code.

We wmodeled the emall break using a tee component with a large-are,
junction between the side tube and the cold lep to aveid Courant time ste;
Jimftations at the jJurction. The flow area {n tle fullv fmplicit slde toln
wasx Treduced In the first cell frorw the large junction area to the actual hre.as
sarea. The second cell in the side tube had an ares equal to the break aro.
and 8 Jlength equal tc the wall thickness. A break component st atmos;liori
pressure wars attached to the end of the side tube. The results of )i~
small-bdreak model reproduce the results trom crfitical-f]low models for hot' b,
subhcooled and saturated reglons.
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A. TM1-2 Model Description

Figure 15 is & eketch of the TRAC model for the TMI-2 -eactor syster.
Loop A represents the loop with the cold-leg break. It JSncludes the hot lep
with the pressurizer connecticn, the steam generator, and two cold legs--one
fntact and one with the 0.00093-m? (0.01-ft?) break. Each loop-A cold ley
includes a loop seal, a pump, and a high-pressure injection (HPI) locaticn.
The secondary side of the steam generator 1is attached to the main feedwat.r
inlet, the auxiliary feedwater inlet, and a long pipe to the uteam outlet with
a side connection to a safety valve that vents to the atmosphere.

Loop B represents the unbroken loop. It 1is similar to locp A excejpt
there 1s no break or pressurizer and the two cold legs are combined to
increase calculational efficiency.

We noded the wvessel with four azimuthal segments, two radial segmints,
and seven levels. The seven levels included a lower plenum, three active core
levels, two levels in the upper plenum (tn permit the vent valves to hc atouve
the hot and cold leg connections), and an upper head. In addition to the 5
three-dimensional vessel cells, there are 113 one-cdlmenstional ce!ls, 89 in the
primaryv and 24 in the secondary side. Geometry and other plant data wer
obtained from the TMI-2 Final Safety Analysis Report (FSAR) and other Tvi-0
d-ta sources.
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Fig. 15. TRAC model of TMI-I PWk.
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B. IEI-Z Calculation Results

We have modeled 23600 8 of this transient starting from 102" of
steady-state power with the break assumed to occur at the Initial time in tte
transient. At 72 s, the reactor tripped when the pressure decreascd to
13.]1 MPa (1900 psia), and the reactor coolant pumps and main feedwater pun;:
also were tripped at this time. After a delay of 40 s from the reactor tri;
time, the auxiliary feedwater was initiated to becth stear generatcrs. At
184 5, the primary pressure decreased to the HPI sget point of 9.41 M.,
(1365 psia), and the HPIl was turned on. This HFI set point 15 based orn th.
design value minus tolerances.,

/. shown in Fig. 16, the primary pressure decreased rapidly until ~775 ¢,
at which time the steam generator level reached 50 of the operating ran,i
and the auxiliary feedwater then was turned off. Subsequently, almost all ti.
¢ooling resulted from the HP] syster, and the water level never dropped oo oot
in either steam pgenerator to turn on the auxiliary feeduater svsten ap.::.
Both the primary and secondary pressures rose sligttlv alter the auciliar.
feedwiater was turned off, but they began to decreasc again before the e, o
the 36000 5 modeled. After 425 ¢, the combined HPD flow to all c ' L
(Fig. 17) exceeded the break flow for the remainder of the transier:.

PR MARY (PR{-“ K 7[R
- SICONAPY (%1 CING
1.40 0
\
WIeRIcH
n
(.
o A
v jNe #) W
) |
v \
o .
o
LRI
1
aoc-ct
4 noapt
[\] 40 1000 10 2000 250 AIANN Aoy a0

Time ()

Fip. 1oo  TMI-0 pridmary and secondary provenres,



- 18-

120 R T T T T
-~—— BRTCAK FLOW
--- TOTA. KPI TIOW
100 B
i
|
‘o 80 1| §
S \
o
= I
~ 1
]
¥ i
o 60 : E
" \\
nw \._ - "' T A L S L. iiorsesasad)
b : . R
=)
> 40
20
O H R
o 500 1000 1500 2000 2%00  M000  3%00 400
Time (%)

Fige 17, TMI=-2 break flow and total HPI mase flow,

Figure 18 shows the mars flow for the combined cold leps In the untroko:.
loop; the flow rapidly decreased to ~1000 kp/s by 300 s and remiained abov
95C kp/s for the remainder of the transient. The flow in the loop=A cold le.o
was approximately half the amount shown in Fipg. 18. The core remained coverd!
with water for this entire transient, and the peak cladding temperature new s
excreded the inftial value.

C. Zion-1 Model Description

Figure 19 shows a sketch of the TRAC model for the Zion-1 reactor svate .
The 0.CO186-m? (0.()2-ft'?) break is located in the cold lep ot 1o b,
downstream of the pump and safety iInjection point. The pressurizer alse .
Incated in loop B. The three intact loops are modeled as one combine! Loy,
relerred to as Joop ACD in this analysis. We divided the vessel Inte ef,tn
axiil levels, two azimuthal segmcnts, and two radial rings.  The core wae
modeled with four axial levels. On  the secondary gide of  the stea.
generators, we modeled the ateam Jlines leadinpg outside the contalnment
bufldiny and the secondary safety valves; we also modeled the primary loo;
sealr between the steam gencrator outlete and the primary coolant  pung: .
There are a total of 32 three-dimensional vessel cells and 132 one=dimension. !
cells, BO {n the primary and 52 in the gecondary sfde. Geometry and othed
plant data were obtained from the Zion-1 FSAR and from other Zion-1 dat,
BoUurces.,
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D. Zion-] Calcula‘tion Results

We assumed a break size of 0.00186 m? (0.02 ft?) and loss of off-sits
power at reactor trip time. The loss of offsite pcwer results in an immediate
trip of the primary pumps, loss of main feedwater, closing of the turbine sty
valves, and avallability of only half the safety injection and auxiliarv
feedwater esystems. W calculated the transient out to S000 s.  Tad!e 11
sunmarizes the significant events of the transient.

Figure 20 shows the pressurizer and steam gencrator secondas  pressurecs.
The transient was characterized by a rapid depressurization of the primar.
system in the first 500 8. Between 500 and 1500 s, the pressure temporariic
stabiiized at slightiy above the steam generator secondary pressure. Th..
steam generator secondary prersure rajidly increased to the secondary safety
valve set point folloving loss of muin 1eedwater at the reacteor trip time an!
remained near that level from 150 s untfl ~17006 5. At 1500 <, the privoor,
pressure bepan to increase until the primary loop seal fa the combine? A
loop cleared of Tiquid at ~2100 s, After the loop scale cleared, the prisar,
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sviten gradually depressuriced tn owphont the rest ol the tranusient., T
secondary pressure also decrease ! at ]l the auxtlary feedwater warn turne ot
at 3129w, after 3000w of operation. The Becondary pressure then resoaing !
relatively constant at =59 MPa for o0 rest of the trancient,

Fipure 71 shon the vold fract{ons In the upper “we levels of tha e
and An the upper plenvvmy The vold tracot n o Jevel 6, the top level of th,
core, rewddned well welow 004 except for a briet perdfod between 20 oand
2aut w o during which v peaked a1 0.0F, To determine whether Wy cons
uncovery oconrred, we rencled the top eoae level fnto three smaller levels g
recomputed the transfent b coen 2000 m and 250w In the tenoded cave, th
vold traction in the topmont cor 'rvel never excecded 00Ky The pear e ladae,
temy erature never exceeded the fntrfal value durfng the tranctient,

Flpgure 27 shown the break flow and the total satety fnfectton flow. Tl
satety Anfectfon flow began excerding the break tlow at <400 o0 Howewor,
condensfny gteam actunily began fnereaning the vennel Hguid=-mase {nvent: vy oat
~3700 n.

The clearing of Iguid in the primary loop weals had an foportant efte t.
Bofore loop-weal clearance, the break flow win exsentfally all iquid, whion
vesulted tnoa hiph mawkn loss. Onee the loop seals cleared, an open path wae
formed between the core upper plenum and the break, allowing the upper-pleme
hiph=vapor mixture to encape and exit out the break.  The pth wiee net
direct one becaune the loog weal An the broken loop never cleared. Tuntean!,
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the flow escaped through the intact loops, through the downcomcr annulus, and
into the broken c¢old leg from the vessel side. The highly voided conditinr
near the break resulteu in & marked decrease¢ Iin break mass flow an! a:.
increase in the rate of depressurization.

Flow circulation ceased at ~2200 s in loop ACD (Fig. 23) except for tl.
upper-plenum vapor flow escaping out the break. Flow was never re-esta*!icl, i
in loop B because the loop seal 1in that loop never cleared. This sar.
phenomenon was observed in Semiscale Test S-SB-Pl (Ref. B).

IV. CONCLUSIONS

TRAC-PDZ provides a good, versatile small-break modeling capabilitv. T
results above for LOFT show that the code can predict most im, vrtant ph:- .ot
occurring in small cold-ieg breaks. In particular, the depressurization: anl
break flows compared well with data. The good comparisons with the claildir,
ten;eratures, both when the core did not uncover and when 1t did, indicate .
vesscel liquid-mass inventories were reasonable.

In the applications area, two different accident scenarioe wore m oo
in two different PWks. In one case ratura! circulation was maiatained, asb i
the other natural circulatfon was Lost. In both caces  the  claa- e
tewperalure:r never rtore above the inftial valuee.
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Fig. 234, Zdon- 1 loop=ACY mane flow,
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The additicn of a critical-flow model, or {mprovements tou the
ronctitutive relations for the case of large spatial pradients, would sim; lifvy
the application of the code to emall breaks. Also, in certain cases a
horizontal-slip wmodel with counter-current flow capablility wou!l” b
beneficial. The TRAC-PF]l development group 1s addressing these need.
Finally, all small leakage paths should be modeled.
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